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Description 

[0001] The present invention relates to an ultrasonic 
vibration cutting method and apparatus. 
[0002] in the production of semiconductor devices, at- 
tempts are being made to cut a semiconductor wafer 
incorporating IC's and the like into a plurality of dice-like 
semiconductor chips called "bare chip" with ultrasonic 
vibration. 

[0003] However, cutting of a semiconductor wafer into 
dice-like semiconductor chips with ultrasonic vibration 
does not succeed yet. There is no example of success 
in cutting viscous and soft materials such as gold, silver, 
aluminum, solder and copper, hard and fragile materials 
such as ceramics, silicon and ferrite, laminate structures 
consisting of a synthetic resin and a metal, laminate 
structures consisting of an inorganic material, a metal 
and a synthetic resin, and the like with ultrasonic vibra- 
tion. 

[0004] JP 06079689A discloses a cutting machine us- 
ing a rotating blade, which blade is also subjected to 
micro-vibration. The micro-vibration is applied radially 
to the rotating cutting blade, i.e. the rotary axis of the 
cutting blade is perpendicular to the direction the micro- 
vibration. 

[0005] JP 02113907A discloses a circular saw which 
is equipped with an ultrasonic vibrator. The ultrasonic 
vibrator vibrates the blade in the direction of its rotary 
axis, causing the blade to vibrate during the sawing 
process, effectively producing a larger width of the cut 
than a width corresponding to a cross section of the saw 
blade. 

[0006] US 1 ,503,984 discloses a circular saw, where- 
in the cutting blade is pivotably arranged. 
[0007] JP 639649A discloses a circular blade, which 
is arranged on a coaxially rotating booster, which in turn 
is connected to two converters, rotatingly arranged with- 
in a housing. The figure states that the axial arrange- 
ment of a rotating booster, connected to converters on 
each side, wherein the cutting blade is coaxially at- 
tached to the booster directly, not only generates a vi- 
bration in the direction of the axis of the arrangement 
but also imparts a radial ultrasonic movement to the cut- 
ting blade. 

[0008] JP 09216201 A which has been used to formu- 
late the preamble part of claim 1 discloses an ultrasonic 
vibration means for vibrating a circular saw. The vibra- 
tion applied to the saw blade makes the saw blade move 
in its axial direction. 

Summary of the invention 

[0009] It is the object of the invention to provide a sim- 
pler and smaller construction of the cutting apparatus. 
[0010] This object is solved by the ultrasonic vibration 
cutting apparatus as defined in claim 1 . 
[001 1] The ultrasonic vibration cutting apparatus can 
be operated by a method comprising the steps of: 



mounting and fixing a part to be cut on a mounting 
table; 

moving down an ultrasonic vibration rotation unit : 

5 stopping the downward movement of the ultra- 

sonic vibration rotation unit when the cutting 
blade of the ultrasonic vibration rotation unit 
reaches a position for cutting the part; 
moving the ultrasonic vibration rotation unit lin- 

10 early for cutting; and 

turning and vibrating the cutting blade with ul- 
trasonic waves to cut the part. 

[001 2] The above and other objects, features and ad- 
15 vantages of the invention will become more apparent 
from the following description when taken in conjunction 
with the accompanying drawings. 
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Brief Description of the Accompanying Drawings 
[0013] 

Fig. 1 is a front view of an ultrasonic vibration cutting 
apparatus according to Embodiment 1 of the 
present invention; 

Fig. 2 is a sectional view cut on line A-A of Fig. 1 of 
an ultrasonic vibration rotation unit of Embodiment 
1 ; 

Fig. 3 is a sectional view cut on line B-B of Fig. 2 of 
the ultrasonic vibration rotation unit of Embodiment 
1; 

Fig. 4 is a diagram showing the relationship be- 
tween a resonator and vibration waveform of Em- 
bodiment T; 

Fig. 5 is an explosive perspective view of a fixed . 
outer shell and a rear outer shell of Embodiment 1 ; 
Fig. 6 is a sectional view of a refrigerant receiver of 
Embodiment 1; 

Fig. 7 is a perspective view of a nozzle unit of Em- 
bodiment 1 ; and 

Fig. 8 is a side view of Embodiment 2 of the present 
invention. 

Detailed Description of the Preferred Embodiments 
Embodiment 1 



[0014] The constitution of Embodiment 1 of the 
present invention will be described with reference to 

50 Figs. 1 to 7. 

[001 5] With reference to Fig. 1 , an ultrasonic vibration 
cutting apparatus will be first described. Reference nu- 
meral 1 denotes an apparatus body having wheels 2 for 
moving and feet 3 for fixing in a lower portion thereof. 

55 To move the ultrasonic vibration cutting apparatus, the 
feet 3 are evacuated into the apparatus body 1 , and the 
apparatus body 1 is pushed or pulled while the wheels 
2 are in contact with an installation ground G, whereby 
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the wheels 2 are turned and the apparatus body 1 can 
move. To fix the ultrasonic vibration cutting apparatus, 
as shown in the figure, the feet 3 are projected toward 
the installation ground G more than the wheels 2 and 
brought into contact with the installation ground G and 
the wheels 2 float above the installation ground G, 
whereby the apparatus body 1 can be fixed on the in- 
stallation ground G. The feet 3 are formed of bolts and 
nuts so that the horizontality of the apparatus body 1 
can be adjusted when the apparatus body 1 is to be fixed 
on the installation ground G. 

[0016] Reference numeral 4 denotes a mounting ta- 
ble installed on the top of the apparatus body 1 for 
mounting and fixing a part to be cut and having the func- 
tion of adjusting its elevation angle <|> and rotation angle 
9. The control of the elevation angle <}> is carried out by 
adjusting the horizontality of the top surface of the 
mounting table 4 at three locations with a precision nee- 
dle actuator called "micrometer head". The control of the 
rotation angle <J> is carried out by adjusting the direction 
within the plane of the top surface of the mounting table 
4 with an actuator like a rotary table. To fix the part to 
be cut on the mounting table 4, an adhesive having du- 
rability and thermoplasticity against a refrigerant such 
as colophonium, UV resin or double coated tape, or suc- 
tion or adsorption may be used. Durability against a re- 
frigerant is a property that even when a refrigerant con- 
tacts the adhesive, the adhesive is not dissociated from 
the mounting table 4 and the part to be cut. Thermoplas- 
ticity against a refrigerant is a property that when the 
part to be cut is a semiconductor wafer, for example, 
and the adhesive has a high temperature and receives 
heat at the time of a bum-in test .which is carried out in 
the production process of a semiconductor device, the 
adhesive is dissociated from the mounting table 4 and 
the part to be cut. In the case of suction or adsorption, 
when a suction hole is formed in the top surface of the 
mounting table 4 and connected to a suction pump 
which is provided separate from the mounting table 4 by 
a suction passage and the suction pump is driven, the 
part to be cut may be fixed on the top surface of the 
mounting table 4 through the suction hole by opening a 
valve in the suction passage. Suction holes correspond- 
ing to the number of cut pieces of the part may be 
formed. An annular frame surrounding the part may be 
provided on the top surface of the mounting table 4 to 
prevent the scattering of the cut pieces. 
[0017] Reference numeral 5 represents a 3-axis drive 
unit which can move linearly in three directions perpen- 
dicular to one another and comprises guides 6 and 7 
attached to the apparatus body 1 and arranged on both 
sides of the mounting table 4 with a space therebetween 
for movement in a front or rear direction, a guide rail 8 
located above the mounting table 4 and laid on the mov- 
able portions of the guides 6 and 7 for movement in a 
right or left direction, a movable head 9 installed on the 
guide rail 8 in such a manner that it can be driven in a 
right or left direction, a climbing head 10 which is at- 



tached to the movable head 9 and moves in a vertical 
direction, and a holder 11 attached to the climbing head 
10. The guide rail 8 is moved linearly along the guide 
rails 6 and 7 in a direction Y which is the front or rear 
5 direction of the paper of Fig. 1 by an unshown actuator 
such as a step motor without rotating, the movable head 
9 is moved linearly along the guide rail 8 in a direction 
X which is the right or left direction of the paper of Fig. 
1 by an unshown actuator such as a step motor without 
10 rotating, and the climbing head 10 is moved up or down 
linearly by one unshown actuator selected from a step 
motor and air cylinder without rotating with respect to 
the movable head 9 so that the holder 1 1 moves to draw 
a square locus consisting of four straight lines for de- 
ls scent, cutting, ascent and return. Reference numeral 12 
denotes an ultrasonic vibration rotation unit set on the 
holder 11 which is the 3-direction output portion of the 
3-axis drive unit 5 to cut the part fixed on the mounting 
table 4. 

20 [001 8] Denoted by 1 3 is a system for cooling the cut- 
ting blade of the ultrasonic vibration rotation unit 12 and 
the part to be cut, which comprises a tank 14, a nozzle 
unit 15 attached to any one of the holder 11 and the ul- 
trasonic vibration rotation unit 12, a refrigerant receiver 

25 16 arranged around the mounting table 4, a refrigerant 
return passage 17 connected to the refrigerant receiver 
16 and the tank 14, and a refrigerant supply passage 18 
connected to the tank 14 and the nozzle unit 15. When 
an unshown pump provided in the tank 14 is driven while 

30 a water or other liquid refrigerant is contained in the tank 
14, the refrigerant is supplied from the refrigerant supply 
passage 18 to the nozzle unit 15 by pressure and 
sprayed upon the cutting blade of the ultrasonic vibra- 
tion rotation unit 1 2 and the part to be cut from the nozzle 

35 unit 1 5 to cool them. The refrigerant after cooling is col- 
lected into the refrigerant receiver 16 and returned to 
the tank 14 through the refrigerant return passage 17. 
The refrigerant returned into the tank 14 is caused to 
pass through a filter provided in the tank 14 to separate 

40 chips from the refrigerant. The refrigerant from which the 
chips have been removed is sucked by the pump which 
supplies the refrigerant to the nozzle unit 15 by pres- 
sure. Thus, the refrigerant is recycled. The refrigerant 
supply passage 1 8 comprises a solid pipe 1 9 on the tank 

45 14 side, a solid pipe 20 on the nozzle unit 15 side and 
a flexible pipe 21 connected to both of the solid pipes 
1 9 and 20. When the ultrasonic vibration rotation unit 1 2 
is to cut the part on the mounting table 4, while the holder 
11 moves along the square locus, the flexible pipe 21 

50 expands or contracts in accordance with the moving lo- 
cus of the holder 11 and the refrigerant is properly sup- 
plied to the nozzle unit 15 from the tank 14. 
[0019] Reference numeral 99 denotes image pick-up 
means such as a CCD camera which picks an image of 

55 the part fixed on the mounting table 4, converts an image 
signal into an electric signal and outputs the electric sig- 
nal to a control unit 100. The control unit 100 compares 
the image signal from the CCD camera 97 with refer- 
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ence image information preset in the control unit 100, 
calculates displacement between the image signal and 
the reference image information and drives the function 
of adjusting the rotation angle e of the mounting table 4 
based on the calculation result. Thereby, the part fixed 
on the mounting table 4 is accurately positioned with re- 
spect to the ultrasonic vibration rotation unit 12 when it 
is to be cut. Letter K in Fig. 1 denotes a protective cover. 
[0020] With reference to Fig. 2 and Fig. 3, the ultra- 
sonic vibration rotation unit 1 2 will be described. Rough- 
ly speaking, the ultrasonic vibration rotation unit 1 2 com- 
prises a fixed outer shell 22 attached to the holder 1 1 by 
bolts, a rotary inner shell 23 rotably installed in the fixed 
outer shell 22, a transducer 24 stored in the rotary inner 
shell 23, a booster 25 stored in the rotary inner shell 23 
coaxially and connected coaxial to the transducer 24 
with a screw such as a headless screw, a circular horn 
26 connected coaxial to the booster 25 with a screw 
such as a headless screw and projecting outward from 
one ends of the fixed outer shell 22 and the rotary inner 
shell 23, a cutting blade 27 provided on the vibration 
transmission direction converter of the horn 26 and a 
motor 28 which is a drive source attached to the other 
end of the fixed outer shell 22 to turn the rotary inner 
shell 23. The thickness T of the cutting blade 27 is about 
2 to 200 u.m. The booster 25 and the horn 26 form a 
resonator. 

[0021] The fixed outer shell 22 has a storage chamber 
29 which extends in front and rear directions. A rear 
bearing 30 and a front bearing 31 are placed between 
the rotary inner shell 23 and the fixed outer shell 22 
which are inserted into the front half of the storage 
chamber 29. The outer ring of the rear bearing 30 is re- 
ceived by a stepped portion 32 projecting into the stor- 
age chamber 29 of the fixed outer shell 22, the inner ring 
of the rear bearing 30 is received by a stepped portion 
33 projecting from the peripheral surface of the rotary 
inner shell 23, and a cylindrical bearing sheet 34 is 
placed between the rear bearing 30 and the front bear- 
ing 31. Both ends of the bearing sheet 34 contact the 
outer ring of the rear bearing 30 and the outer ring of the 
front bearing 31 , respectively. The outer ring of the front 
bearing 31 is held by an annular outer bearing holder 
35 screwed to the inner side of the front end portion of 
the fixed outer shell 22. The inner ring of the front bear- 
ing 31 is held by an annular inner bearing holder 36 
screwed to the outer side of the front end portion of the 
rotary inner shell 23. The outer bearing holder 35 covers 
the inner bearing holder 36 and the front end of the ro- 
tary inner shell 23 with a space smaller than the surface 
tension of the refrigerant therebetween to prevent the 
refrigerant from entering the front bearing 31 from the 
space. The outer bearing holder 35 has an unshown re- 
cess for a fastening tool on the front side so that the 
fastening tool is inserted into the recess to connect the 
outer bearing holder 35 to the fixed outer shell 22 prop- 
erly. 

[0022] The fixed outer shell 22 has a work hole 37 in 



the wall. The work hole 37 is located closer to the horn 

26 than the holder 11. The bearing sheet 34 has an es- 
cape hole 38 at a position corresponding to the work 
hole 37. The rotary inner shell 23 has a storage chamber 

5 39 extending in front and rear directions and a through 
hole 40 in the wall. The through hole 40 is also located 
at a position corresponding to the work hole 37. The 
booster 25 has a recess 41 in the outer wall at a position 
corresponding to the work hole 37. When the transducer 

10 24 and the booster 25 are to be installed in the rotary 
inner shell 23, the through hole 40 and the recess 41 
are aligned with each other and when the bearing sheet 
34 is to be installed on the fixed outer shell 22, the work 
hole 37 and the escape hole 38 are aligned with each 

15 other. When any one of the horn 26 and the cutting blade 

27 is to be exchanged, an operator turns the horn 26 
manually to check alignment between the work hole 37 
and the through hole 40 and then inserts an unshown 
rod into the recess 41 from the work hole 37 through the 

20 escape hole 38 and the through hole 40 to stop the ro- 
tations of the rotary inner shell 23 and the booster 25, 
thereby making it easy to exchange any one of the horn 
26 and the cutting blade 27. 

[0023] The transducer 24 and the booster 25 are 

25 placed in the storage chamber 39 of the rotary inner 
shell 23. While the transducer 24 and the booster 25 are 
connected to each other, they are inserted into the stor- 
age chamber 39 from the front side of the rotary inner 
shell 23, whereby the transducer 24 is placed in the stor- 

30 age chamber 39 without contact, the booster 25 is in- 
serted into the storage chamber 39 with the outer sur- 
face of the front support portion 42 and the outer surface 
of the rear support portion 43 thereof in contact with the 
inner wall of the storage chamber 39, and the rear sup- 

35 port portion 43 is received by a stepped portion 44 pro- 
jecting into the storage chamber 39. The transducer 24 
and the booster 25 are situated in the storage chamber 
39 without being displaced in a radial direction by con- 
tact between the outer surface of the front support por- 

40 tion 42 and the inner surface of the storage chamber 39 
and contact between the outer surface of the rear sup- 
port portion 43 and the inner surface of the storage 
chamber 39. The front support portion 42 is held by an 
annular fastener 45 screwed to the inner side of the front 

45 end portion of the rotary inner shell 23. Thereby, the 
transducer 24 and the booster 25 are installed in the ro- 
tary inner shell 23 coaxially without being displaced in 
front and rear directions. The fastener 45 has an annular 
sealing member 46 made from rubber or synthetic resin 

50 in an inner edge portion. The sealing member 46 is 
brought into contact with the outer surface of the booster 
25 to prevent water from entering a space between the 
fastener 45 and the booster 25. The fastener 45 covers 
the outer bearing holder 35 with a space smaller than 

55 the surface tension of the refrigerant therebetween to 
prevent the refrigerant from entering the rotary inner 
shell 23 from the space. The fastener 45 has an un- 
shown recess for a fastening tool so that the fastening 
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tool is inserted into the recess to connect the fastener 
45 to the rotary inner shell 23 properly. 
[0024] An electric supply system to the transducer 24 
will be described hereinunder. The transducer 24 is fit- 
ted with a conductive cover 47 which is connected to the 
negative electrode of the transducer 24. A positive 
transducer terminal 48 is electrically insulated, fixed to 
the center of the rear end of the cover 47 and connected 
to the positive terminal of the transducer 24. A rotary 
connection unit 49 made from an electrical insulating 
material is screwed to the rear end of the rotary inner 
shell 23. The rotation connection unit 49 has a positive 
rotary terminal 50 embedded therein, negative and pos- 
itive annular rotary terminals 51 and 52 called "slip ring" 
provided on the outer surface, a negative rotary terminal 

53 projecting from the front side, and an annular barrier 

54 made from an electric insulating material and project- 
ing from the outer surface to separate the negative and 
positive annular rotary terminals 51 and 52 from each 
other. The positive rotary terminal 50 and the positive 
annular rotary terminal 52 are connected to each other 
by an unshown conductor embedded in the rotary con- 
nection unit 49, and the front side of the positive rotary 
terminal 50 contacts the positive transducer terminal 48. 
The negative annular rotary terminal 51 and the nega- 
tive rotary terminal 53 are connected to each other by a 
conductor embedded in the rotary connection unit 49, 
and the negative rotary terminal 53 contacts the outer 
surface of the cover 47 . At a position corresponding to 
the rotary connection unit 49, the fixed outer shell 22 
has a plurality of fixed connection units 55 made from 
an electric insulating material. Each of the fixed connec- 
tion units 55 has negative and positive sliding terminals 
56 and 57 called "brush*, negative and positive elastic 
members 58 and 59 made from a conductive material 
for urging the negative and positive sliding terminals 56 
and 57 toward the rotary connection unit 49 side, neg- 
ative and positive wiring terminals 60 and 61, caps 62 
and 63 made from an electric insulating material, and 
an annular groove 64 located between the negative and 
positive sliding terminals 56 and 57. The negative sliding 
terminal 56 is pressed by the negative elastic member 
58 to contact the negative annular rotary terminal 51 and 
the positive sliding terminal 57 is pressed by the positive 
elastic member 59 to contact the positive annular rotary 
terminal 52. 

[0025] Therefore, when the positive wiring terminal 61 
is connected to the positive output terminal of an ultra- 
sonic wave generator by an unshown wire, a positive 
passage for the transducer 24 is formed by the positive 
wiring terminal 61, the positive elastic member 59, the 
positive sliding terminal 57, the positive rotary terminal 
50 and the positive transducer terminal 48. When the 
negative wiring terminal 60 is connected to the negative 
output terminal of the ultrasonic wave generator by an 
unshown wire, a negative passage for the transducer 
24 is formed by the negative wiring terminal 60, the neg- 
ative elastic member 58, the negative sliding terminal 



56, the negative rotary terminal 51 and the cover 47. 
After the positive passage and the negative passage are 
formed, electric power is supplied from the ultrasonic 
wave generator to the transducer 24 which in turn gen- 
5 erates vertical ultrasonic vibration having a predeter- 
mined frequency and outputs it. The barrier 54 prevents 
powders generated by sliding contact between the neg- 
ative and positive annular rotary terminals 51 and 52 
and the negative and positive sliding terminals 56 and 
10 57 from short-circuiting the negative and positive annu- 
lar rotary terminals 51 and 52. The groove 64 also pre- 
vents powders generated by sliding contact between the 
negative and positive annular rotary terminals 51 and 
52 and the negative and positive sliding terminals 56 
15 and 57 from short-circuiting the negative and positive 
sliding terminals 56 and 57. Mating between the barrier 
54 and the groove 64 optimizes the prevention of a 
short-circuit caused by the above powders. 
[0026] The connection structure of the rotary inner 
20 shell 23 and the motor 28 is as follows. A shaft member 
65 made from an electric insulating material is fastened 
to the rear portion of the rotary connection unit 49 by a 
bolt. A front coupling 66 is fitted onto the shaft member 
65 so that it turns together with the shaft member 65. 
25 The motor 28 is fastened to a rear outer shell 68 at- 
tached to the rear portion of the fixed outer shell 22 by 
bolts. A rear coupling 69 is attached to the output end 
of the motor 28 so that it turns together with the motor 
28. The front coupling 66 and the rear coupling 69 have 
30 a projection and a recess so that they mate with each 
other and turn together. When the motor 28 is driven 
while the front and rear couplings 66 and 69 mate with 
each other, the rotation force of the motor 28 is trans- 
mitted from the output end of the motor 28 to the rotary 
35 inner shell 23 through the front and rear couplings 66 
and 69, the shaft member 65 and the rotary connection 
unit 49, and the rotary inner shell 23 turns. 
[0027] A box-like cover 70 is screwed to the rear outer 
shell 68. The cover 70 covers the fixed connection units 
40 55 from the rear outer shell 68 without contact and also 
covers an intermediate portion of the fixed outer shell 2 
without contact. The front portion of the cover 70 is 
screwed to unshown struts provided on the outer sur- 
face of the fixed outer shell 22. 
45 [0028] In short, as shown in Fig. 2, the ultrasonic vi- 
bration rotation unit 12 has such a simple structure that 
the booster 25 and the transducer 24 are installed in the 
rotary inner shell 23 coaxially. the horn 26 having the 
cutting blade 27 and connected coaxial to the booster 
so 25 is placed on the front outer sides of the rotary inner 
shell 23 and the fixed outer shell 22, and the motor 28 
attached to the rear portion of the fixed outer shell 22 is 
connected coaxial to the rotary inner shell 23. 
[0029] With reference to Fig. 4, the resonator com- 
55 posed of the booster 25 and the horn 26 will be de- 
scribed. The booster 25 is made from a material having 
excellent acoustic characteristics such as titanium, alu- 
minum or hardened iron and has a length equal to the 
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wavelength of vibration which resonates with ultrasonic 
vibration transmitted from the transducer 24, thereby im- 
proving the centering of the rotary inner shell 23 and the 
transducer 24 and the prevention of deflection at the . 
time of cutting. The maximum vibration amplitude points 5 
f1 and f5 of the waveform W1 of vibration which reso- 
nates with ultrasonic vibration from the transducer 24 
are existent at both ends of the booster 25 and the min- 
imum vibration amplitude points f2 and f4 are existent 
at the front support portion 43 and the rear support por- ic 
tion 43 of the booster 25. The vibration waveform W1 
shows the instantaneous displacement (vibration ampli- 
tude) of ultrasonic vibration caused by resonance. 
[0030] The front support portion 42 has an annular 
root portion 42a projecting outward from the minimum « 
vibration amplitude point f4 of the vibration waveform 
W1 in a radial direction, a cylindrical thin portion 42b 
extending from the end of the root portion 42a toward 
the horn 26 side, and an annular thick portion 42c pro- 
jecting outward from the end of the thin portion 42b in a 2( 
radial direction. The rear support portion 43 has an an- 
nular root portion 43a projecting outward from the min- 
imum vibration amplitude point f2 in a radial direction, a 
cylindrical thin portion 43b extending from the end of the 
root portion 43a toward the transducer 24 side, and an 2i 
annular thick portion 43c projecting outward from the 
end of the thin portion 43b in a radial direction. The outer 
surfaces of the thick portions 42c and 43c are wholly 
contacted to the inner wall of the storage chamber 39 of 
the rotary inner shell 23, whereby the support span in 3< 
front and rear directions of the booster 25 by the rotary 
inner shell 23 becomes long, thereby further improving 
the prevention of deflection at the time of cutting. The 
root portions 42a and 43a are thicker than the thin por- 
tions 42b and 43b, and the thick portions 42c and 43c 3 
are thicker than the thin portions 42b and 43b. 
[0031] The horn 26 is made from a material having 
excellent acoustic characteristics such as titanium, alu- 
minum or hardened iron and has a length equal to 1/2 
the wavelength of vibration which resonates with ultra- < 
sonic vibration transmitted from the transducer 24. The 
maximum vibration amplitude points f5 and f7 of the vi- 
bration waveform W1 are existent at both ends of the 
horn 26. The vibration transmission direction converter 
71 and the cutting blade 27 are existent at the minimum 4 
vibration amplitude point f6 of the vibration waveform 
W1 in the horn 26. The horn 26 and the booster 25 ex- 
cluding the vibration transmission direction converter 71 
vibrate in an axial direction shown by an arrow X1 . 
[0032] The vibration transmission direction converter £ 
71 has a diameter larger than that of the horn 26 and a 
width which is equally divided with the minimum vibra- 
tion amplitude point f6 as a center, is circular and coaxial 
to the horn 26, and changes the transmission direction 
of vibration from an axial direction to a radial direction. £ 
The maximum vibration amplitude points f8 and f9 of a 
vibration waveform W2 which shows the instantaneous 
displacement (vibration amplitude) of ultrasonic vibra- 



tion whose transmission direction has been changed to 
a radial direction are existent at the peripheral portion 
of the vibration transmission direction converter 71 . The 
cutting blade 27 is located at the minimum vibration am- 
plitude point f6 and has a diameter larger than that of 
the vibration transmission direction converter 71 , and 
the edge of the cutting blade 27 vibrates in a radial di- 
rection shown by an arrow Y1 . The vibration of the edge 
of the blade in a radial direction is determined by the 
projection amount of the edge from the vibration trans- 
mission direction converter 71. That is, when the diam- 
eter of the cutting blade 27 is much larger than the di- 
ameter of the vibration transmission direction converter 
71, the edge of the blade also vibrates in a direction 
shown by the arrow X1 . Therefore, the diameter of the 
cutting blade 27 is set to a range that it vibrates only in 
a direction shown by the arrow Y1 based on the diam- 
eter of the vibration transmission direction converter 71 . 
[0033] The outer surface excluding the front and rear 
support portions 42 and 43 of the booster 25 and the 
outer surface excluding the vibration transmission direc- 
tion converter 71 of the horn 26 have recesses 72, 73, 
74 and 75 into which a tool is inserted to connect or dis- 
connect the booster 25 to or from the transducer 24, or 
connect or disconnect the booster 25 to or from the horn 
26: 

[0034] With reference to Fig. 5, the fixed outer shell 
22 and the cover 70 will be described. The cover 70 has 
an opening 80 in a front portion of the bottom and a ter- 
minal substrate 81 in a rear portion of the bottom. The 
terminal substrate 81 has a positive terminal 82 and a 
negative terminal 83 for the transducer and a positive 
terminal 84 and a negative terminal 85 for the motor in 
a synthetic resin base portion. When the cover 70 is 
placed on the fixed outer shell 22, the positive terminal 
82 for the transducer and the positive wiring terminal 61 
of the fixed connection unit 55 are connected to each 
other, the negative terminal 83 for the transducer and 
the negative wiring terminal 60 of the fixed connection 
unit 55 are connected to each other, the positive terminal 
84 for the motor and the positive terminal of the motor 
28 are connected to each other, and the negative termi- 
nal 85 for the motor and the negative terminal of the mo- 
tor 28 are connected to each other by unshown respec- 
tive wires placed in an inner space covered by the cover 
70. The positive terminal 82 for the transducer and the 
negative terminal 83 for the transducer are connected 
to the positive output terminal and the negative output 
terminal of the unshown ultrasonic wave generator by 
wires from the outside of the cover 70, respectively. The 
positive terminal 84 for the motor and the negative ter- 
minal 85 for the motor are connected to the positive out- 
put terminal and the negative output terminal of an un- 
shown motor drive circuit by wires from the outside of 
the cover 70, respectively. After the end of wiring work 
between the above terminals and wires, a cover 86 is 
screwed to the fixed outer shell 22 through a plurality of 
struts 87 to close the opening 80. Thereby, the above 
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wiring is carried out using the opening 80 with ease. By 
closing the opening 80 with the cover 86, an accident 
such as an electric shock can be prevented. A plurality 
of struts 88 are existent on the opposite side wall like a 
plurality of struts 88 projecting from the side wall of the 
fixed outer shell 22 and members for screwing the cover 
70 to the fixed outer shell 22 without interfering with the 
fixed connection units 55. 

[0035] With reference to Fig. 6, the refrigerant receiv- 
er 16 will be described. The refrigerant receiver 16 is 
shaped like a dish, consists of an annular bottom portion 
89 surrounding the mounting table 4 with a space ther- 
ebetween, an inner wall 90 rising from the inner edge of 
the bottom portion 89 and an outer wall 91 rising from 
the outer edge of the bottom portion 89, and has a re- 
frigerant return passage 17 in the bottom portion 89. The 
inner wall 90 has an inner diameter smaller than the out- 
er diameter of a table 92 which is the top surface for 
mounting the part to be cut of the mounting table 4 and 
can guide the refrigerant falling from the part through 
the table 92 into the bottom portion 89 properly in such 
a manner that the refrigerant does not go into the appa- 
ratus body 1. The outer wall 91 has an inner diameter 
larger than the outer diameter of the table 92. The top 
end of the outer wall 91 is located above the table 92 
and can guide the refrigerant scattered from the turning 
cutting blade 27 into the bottom portion 89 properly if it 
is located above the part to be cut shown by a virtual 
line and mounted on the table 92. Therefore, the outer 
wall 91 is the best for preventing the scattering of the 
refrigerant. 

[0036] With reference to Fig. 7, the nozzle unit 15 will 
be described. The nozzle unit 1 5 has a nozzle 93 on the 
part side and a nozzle 94 on the cutting blade side in a 
base portion attached to either one of the holder 1 1 and 
the ultrasonic vibration rotation unit 12. The nozzle 93 
on the part side spays the refrigerant 95 from the end 
upon the part to be cut on the cutting side of the cutting 
blade 28 as shown by an arrow, and the nozzle 94 on 
the cutting blade side sprays the refrigerant 96 from the 
side portion upon a part cutting portion of the cutting 
blade 27 as shown by arrows . Therefore, the refriger- 
ants 95 and 96 are fully supplied to contact portions of 
the cutting blade 27 and the part to be cut so that the 
cutting blade 27 and the part to be cut can be cooled 
with the refrigerants 95 and 96 properly. Particularly 
when the part to be cut is a semiconductor wafer, IC 
parts integrated on the semiconductor wafer are protect- 
ed from cutting heat. 

[0037] The operation of Embodiment 1 will be de- 
scribed. In Fig. 1, a semiconductor wafer incorporating 
IC's as the part to be cut is fixed on the mounting table 
4. When an operator operates an unshown operation 
board provided on the apparatus body 1 and instructs 
the control unit 100 to start cutting, the control unit 100 
instructs a CCD camera 99 to start picking up an image 
of the semiconductor wafer. The CCD camera 99 out- 
puts an image signal for the semiconductor wafer on the 
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mounting table 4 to the control unit 100 which then out- 
puts displacement which is a calculation result obtained 
based on the image signal and reference image infor- 
mation to the mounting table 4. The rotation angle 9 con- 

5 trol function of the mounting table 4 works to complete 
the alignment of the semiconductor wafer with the ultra- 
sonic vibration rotation unit 12. Thereafter, the control 
unit 100 controls the 3-axis drive unit 5, the ultrasonic 
vibration rotation unit 12 and the cooling system 13 so 

10 that the cutting blade 27 shown in Fig. 2 of the ultrasonic 
vibration rotation unit 12 turns in one direction and res- 
onates with ultrasonic vibration, the nozzle unit 15 
sprays the refrigerant, and the holder 11 of the 3-axis 
drive unit 5 moves in a direction X and a direction Z to 

15 draw a rectangular locus. After the first rectangular locus 
is drawn, the cutting blade 27 of the ultrasonic vibration 
rotation unit 1 2 cuts the semiconductor wafer for the first 
time in one direction. After this cutting, the holder 11 of 
the 3-axis drive unit 5 moves in a direction Y and draws 

20 a rectangular locus again, whereby the cutting blade 27 
of the ultrasonic vibration rotation unit 1 2 cuts the sem- 
iconductor wafer for the second time in one direction. 
After this cutting, the holder 1 1 of the 3-axis drive unit 5 
moves in the direction Y again and draws a rectangular 

25 locus repeatedly, whereby the semiconductor wafer is 
cut into multiple belts. When the cutting of belts is com- 
pleted, the control unit 100 instructs the mounting table 
4 to turn at 90° and the rotation angle 9 control function 
of the mounting table 4 works so that the direction of the 

30 semiconductor wafer is changed at 90° with respect to 
the ultrasonic vibration rotation unit 12. In this state, the 
control unit 100 resumes the control of the 3-axis drive 
unit 5 and the cutting blade 27 cuts the belt-like semi- 
conductor wafer into multiple dice forms, thereby com- 

35 pleting the cutting work of one semiconductor wafer by 
the ultrasonic vibration rotation unit 12. 

Embodiment 2 

40 [0038] With reference to Fig. 8, Embodiment 2 of the 
present invention will be described. Both the ultrasonic 
vibration rotation unit 12 and an auxiliary ultrasonic vi- 
bration rotation unit 101 are used and the auxiliary ul- 
trasonic vibration rotation unit 101 stores a booster 102 

45 corresponding to the above booster 25 in such a manner 
that the booster 102 can turn. When the booster 102 is 
connected coaxial to the other end of the horn 26 having 
the cutting blade 27 of the ultrasonic vibration rotation 
unit 12 by a screw such as a headless screw, the ultra- 

50 sonic vibration rotation unit 12 and the auxiliary ultra- 
sonic vibration rotation unit 101 are both held by a fork- 
like holder 103 corresponding to the above holder 11. 
The present invention can be applied in the same man- 
ner as in Embodiment 1. 

55 [0039] In the above Embodiment 1 , the semiconduc- 
tor wafer is used as the part to be cut. The part to be cut 
may be a viscous and soft material such as gold, silver, 
aluminum, solder or copper, a hard and fragile material 
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such as ceramic, silicon or ferrite, a laminate structure 
consisting of a synthetic resin and a metal, or a laminate 
structure consisting of an inorganic material, a metal 
and a synthetic resin. 

[0040] As described above, according to the first as- 
pect of the present invention, the part to be cut is mount- 
ed and fixed on the mounting table, the ultrasonic vibra- 
tion rotation unit is moved down, stopped when the cut- 
ting blade of the ultrasonic vibration rotation unit reach- 
es a position for cutting the part, and moved linearly for 
cutting, and the cutting blade is turned and vibrated with 
ultrasonic waves to cut the part. Thus, the part can be 
properly cut by ultrasonic vibration rotation. 
[0041] According to the second aspect of the present 
invention, when the 3-axis drive unit and the ultrasonic 
vibration rotation unit are operated after the part to be 
cut is fixed on the mounting table, the cutting blade of 
the ultrasonic vibration rotation unit is turned in one di- 
rection and vibrated with ultrasonic waves, the 3-direc- 
tion output portion of the 3-axis drive unit draws a rec- 
tangular locus, and the cutting blade of the ultrasonic 
vibration rotation unit can cut the part. 
[0042] According to the third aspect of the present in- 
vention, since the cooling means cools the cutting blade 
of the ultrasonic vibration rotation unit and the part to be 
cut, the part can be protected from being damaged by 
cutting heat. 

[0043] According to the fourth aspect of the present 
invention, the resonator is stored in the rotary inner 
shell, the cutting blade is existent at the minimum vibra- 
tion amplitude point projecting outward from one-ends- 
of the fixed outer shell and the rotary inner shell of the 
resonator, and the drive source attached to the other 
end of the fixed outer shell turns the rotary inner shell. 
Therefore, it is possible to simplify the structure of the 
ultrasonic vibration rotation unit. 



Claims 

1. An ultrasonic vibration cutting apparatus compris- 
ing an ultrasonic vibration rotation unit (12) compris- 
ing a transducer (24) and a circular resonator con- 
nected thereto, the transducer (24) and the resona- 
tor and a cutting blade (27), which are coaxially con- 
nected to a drive source (28), wherein the ultrasonic 
vibration rotation unit (12) comprises a rotary inner 
shell (23), ratably installed in a fixed outer shell (22), 
and the transducer (24) and the circular resonator 
(25, 26), which is formed of a booster (25) and a 
horn (26), are arranged coaxially in the rotary inner 
shell (23), said cutting blade (27) being provided at 
the minimum vibration amplitude point on a vibra- 
tion transmission direction converter (71) of the 
horn (26), the horn (26) projecting outward from the 
other end of the fixed outer shell (22), 
characterized in that 

the drive source (28) is attached to one end of the 



fixed outer shell (22) to turn the rotary inner shell 
(23). and that 

the outer shell (22) has a work hole (37), the rotary 
inner shell (23) has a through hole (40) and the 
booster (25) has a recess (41) in the outer wall, 
wherein the trough hole (40) and the recess (41) 
can be aligned with the work hole (37) for insertion 
of a rod into recess (41). 

2. An ultrasonic vibration cutting apparatus according 
to claim 1 , characterized in that 

an auxiliary ultrasonic vibration rotation unit (101) 
comprising a booster (102), which is connected to 
the opposite end of the horn (26) and a fixed outer 
shell (22), a rotary inner shell (23), rotably installed 
in the fixed outer shell (22), a transducer (24) and 
a booster (25) stored coaxially in the rotary inner 
shell (23) is provided. 

3. An ultrasonic vibration cutting apparatus according 
to claim 1 or 2, characterized in that 

said ultrasonic vibration rotation unit (12) is at- 
tached to the output portion of a 3-axis drive unit 
(5), which can move linearly in the three directions 
perpendicular to one another, further comprising a 
mounting table (4) to fix a part to be cut. 

4. An ultrasonic vibration cutting apparatus according 
to any of claims 1 to 3. characterized by cooling 
means (13. 15, 15, 16, 17) for cooling the cutting 
blade (27) and the part to be cut. 

5. Process for ultrasonic vibration cutting using an ul- 
trasonic vibration cutting apparatus according to 
one of the preceding claims. 

Patentanspruche 

1. Vorrichtung zum Schneiden mittels Ultraschall- 
schwingungen, mit einer Ultraschallschwingungs- 
Dreheinheit (12), welche einen Transducer (24) und 
einen kreisfdrmigen Resonator, der damit verbun- 
den ist, aufweist, wobei der Transducer (24) und der 
Resonator und eine Schneidklinge (27) koaxial mit 
einer Antriebsquelie (28) verbunden sind, wobei die 
Ultraschallschwingungs-Dreheinheit (1 2) eine 
drehbare innere Hulse (23), die drehbar in einer fe- 
sten Sufceren Hulse (22) eingerichtet ist, aufweist, 
und der Transducer (24) und der kreisfflrmige Re- 
sonator (25, 26), der aus einem VerstSrker (25) und 
einem Horn (26) gebildet ist, koaxial in der drehba- 
ren inneren Hulse (23) angeordnet sind, wobei die 
Schneidklinge (27) am Punkt der minimalen 
Schwingungsamplitude auf einem Vibrations- 
Transmissions-Richtungswandler (71) des Horns 
(26) vorgesehen ist, wobei das Horn (26) von dem 
anderen Ende der festen Sufieren Hulse (22) her- 
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vorsteht, 

dadurch gekennzeichnet, daft 

die Antriebsquelle (28) an einem Ende der festen 
auBeren HOIse (22) befestigt ist, um die drehbare 
innere HOIse (23) zu drehen, und daB 
die auBere HOIse (22) ein Arbeitsloch (37) hat, die 
drehbare innere HOIse (23) ein Durchgangsloch 

(40) hat und der Verstarker (25) eine Ausnehmung 

(41 ) in der AuBenwand hat, wobei das Durchgangs- 
loch (40) und die Ausnehmung (41) mit dem Ar- 
beitsloch (37) zum Einsetzen einer Stange in die 
Ausnehmung (41) ausgerichtet werden konnen. 

2. Vorrichtung zum Schneiden mittels Ultraschall- 
schwingungen nach Anspruch 1 , dadurch gekenn- 
zeichnet, daB 

eine Hilfs-Ultraschallschwingungs-Dreheinheit 
(101), mit einem Verstarker (102), der mit dem ent- 
gegengesetzten Ende des Horns (26) und einer fe- 
sten auBeren HOIse (22) verbunden ist, einer drerw 
baren inneren Hulse (23), die drehbar in der festen 
auBeren Hulse (22) eingerichtet ist, einem Trans- 
ducer (24) und einem Verstarker (25), der koaxial 
in der drehbaren inneren HOIse (23) aufgenommen 
ist. 

3. Vorrichtung zum Schneiden mittels Ultraschall- 
schwingungen nach Anspruch 1 oder 2, dadurch 
gekennzeichnet, daft 

die Ultraschailschwingungs-Dreheinheit (12) an 
dem Ausgangsabschnitt einer dreiachsigen An- 
triebseinheit (5) befestigt ist, die sich linear in die 
drei Richtungen senkrecht zueinander bewegen 
kann, die weiterhin einen Aufsetztisch (4) zum Fest- 
halten eines Teiles, das geschnitten werden soli, 
aufweist. 

4. Vorrichtung zum Schneiden mittels Ultraschall- 
schwingungen nach einem der Anspruche 1 bis 3, 
gekennzeichnet durch KOhlmittel (13, 15, 15, 16, 
1 7) zum KOhien der Schneidklinge (37) und des Tei- 
les, das geschnitten werden soil. 

5. Verfahren zum Schneiden mittels Ultraschall- 
schwingungen, wobei eine Vorrichtung zum 
Schneiden mittels Ultraschallschwingungen nach 
einem der vorangehenden Anspruche benutzt wird. 



Revendications 

1. Dispositif de decoupe par vibrations ultrasonores 
comportant une unite de rotation a vibrations ultra- 
sonores (12) comportant un transducteur (24) et un 
resonateur circulaire connecte a celui-ci, le trans- 
ducteur (24) et le resonateur et une lame de decou- 
pe (27), qui sont connectes coaxialement a une 
source d'entramement (28), I'unite de rotation a vi- 



brations ultrasonores (12) comportant une envelop- 
pe interieure rotative (23). installee de maniere ro- 
tative dans une enveloppe exterieure fixe (22), et le 
transducteur (24) et le resonateur circulaire (25, 
26), qui est constitue d'un amplificateur (25) et d'un 
pavilion acoustique (26), sont agences coaxiale- 
ment dans I'enveloppe interieure rotative (23), ladi- 
te lame de decoupe (24) etant agencee au niveau 
du point d'amplitude de vibrations minimum sur un 
convertisseur de direction de transmission de vibra- 
tions (71) du pavilion acoustique (26), le pavilion 
acoustique (26) faisant saillie vers I'exterieur a par- 
tir de I'autre extremite de I'enveloppe exterieure fixe 
(22), 

caracterise en ce que 

la source d'entramement (28) est fixee sur 
une premiere extremit6 de I'enveloppe exterieure 
fixe (22) pour faire tourner I'enveloppe interieure ro- 
tative (23), et en ce que 

I'enveloppe exterieure fixe (22) a un trou usi- 
ne (37), I'enveloppe interieure rotative (23) a un trou 
traversant (40) et I'amplificateur (25) a un evide- 
ment (41 ) situe dans la paroi exterieure, dans lequel 
le trou traversant (40) et i'evidement (41) peuvent 
etre alignes avec le trou usine (37) pour insertion 
d'une tige dans I'evidement (41 ). 

2. Dispositif de decoupe par vibrations ultrasonores 
selon la revendication 1 , caracterise en ce que 

une unite de rotation a vibrations ultrasonores 
auxiliaire (101) comportant un amplificateur (102), 
qui est connecte a I'extremite opposee du pavilion 
acoustique (26) et une enveloppe exterieure fixe 
(22), une enveloppe interieure rotative (23), instal- 
lee de maniere rotative dans I'enveloppe exterieure 
fixe (22), un transducteur (24) et un amplificateur 
(25) stockes coaxialement dans I'enveloppe inte- 
rieure rotative (23), est fournie. 

3. Dispositif de decoupe par vibrations ultrasonores 
selon la revendication 1 ou 2, caracterise en ce 
que 

ladite unite de rotation a vibrations ultrasono- 
res (12) est fixee sur la partie de sortie d'une unite 
d'entra inement a trois axes (5), qui peut se deplacer 
lineairement dans les trois directions perpendiculai- 
res les unes aux autres, comportant de plus une ta- 
ble de montage (4) pour fixer une piece devant etre 
decoupee. 

4. Dispositif de decoupe par vibrations ultrasonores 
selon I'une quelconque des revendications 1 a 3, 
caracterise par des moyens de refroidissement 
(13, 15, 15, 16, 17) pour refroidir la lame de decou- 
pe (27) et la piece devant §tre decoupee. 

5. Procede de decoupe par vibrations ultrasonores 
utilisant un appareil de decoupe par vibrations ul- 
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trasonores selon Tune des revendications pr6c6- 
dentes. 
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